












































9) | AppendixC, | From available maps it appears that the The text erroneously identified the county as No further comment
Page C4, S,
First proposed EMDF lies in the Anderson County Roane; the error has been corrected to show
Paragraph, and not the Roane County Census Tract 9801. that EMDF site is in Anderson County.
Lines 23 Please explain this discrepancy.
10) | Appendix C, | Faults that are referred to in the text in section According ta Lemiszki (2000, Geologic Map No further comment
FieC20, | 323 should be labeled in Figure C-10. of the Bethel Valley Quadrangle. USGS Draft
cio Open-File Map GM 130-NE.) the White Oak
Mountzin Thrust fault is more than 2,600 f
below land surface at Bear Creek Valley,
more than 1,000 fi below the base of the
cross-section. No change was made.
11) | AppendixC, | “Rutiedge Limestone” Figures C-9 and C-10 huve been revised. No further comment
Section This formation appears to be labeled “Friendship
32222, Formation™ in Figures C-9 and C-10 (maps) on
Page C-21 pages C-19 and C-20, respectively. As the
nomenclature “Friendship Formation® scems
limited to only the Oak Ridge Reservation it is
suggested that the designations on the two maps be
changed to refiect the commonly accepted
formation pame Rutiedge Limestone.
12) | AppendixC, | «Maryville Limestone” Figures C-9 and C-10 have been revised. No further comment
32224, This formation appears to be labeled “Disinal Gup
Page C-21 Formation™ in Figures C-9 and C-10 (maps) on
pages C-19 and C-20, respectively. As the
nomenclature “Dismal Gap Formation” seems
limited to only the Oak Ridge Reservation it is
suggested that the designations on the two maps be
<changed to reflect the commonly accepted
formation name Maryville Limestone.
13) md;xz G | “...weathers to for a strongly weathered Sentence has been revised to omit the words No further comment

saprolite...”
What is a strongly weathered saprolite? Is it
not still a saprolite?

“strongly weathered”,
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14)

Appendix C,
Page C-24

Section 3.2.3 Ist sentence, reference to the
Whitegak

Mountain thrust fault- the fault needs to be
labeled on the figure (C-10)

Figure has been revised.

No further comment

15)

Appeadix C,
Section323,
Page C25

“Geologic Structure”

Moore (1988) noted the presence of a few high
angle faults near ORNL, but tentatively concluded
that “. .

.groundwater conduits can occur along and near
faults .

.but that such features are uncommon and may be
rare.”

So, what is being said is that faults as conduits

are uncommeon or rare, unless drilling or other
data support that?

That is correct. Coring is expected to be
included in the site characterization study
to help evaluate the presence of fractures
and evidence of faulting.

No further comment

16)

Appeadix C,
Page C-25

“There is no evidence of active, seismically
capable faults in the Valley and Ridge
physiographic province or within the rocks under
where the ORR is located.”

The wording in this document should not be so
dismissive about possible seismic hazards nearer to
the facility. The USGS estimate that an earthquake
as large as magnitude 7.5 (Richter) are possible in
the ETSZ (East Tennessee Seismic Zone) and
events of magnitude 5 — 6 are possible every 200~
300 years. The largest event measured (magnitude
4.6) occurred near Knoxville in 1973.

Agreed. This paragraph has been moved to a
new subsection 3.2.4 entitled Seismicity,
which discusses earthquake history and
probability of future earthquakes in more
detail.

The state does not agree with the implicit
assumptions of the seismic activity in the Oak
Ridge area.

17)

Appendix C,
Page C-25 &
Cc26

The extensive discussion about fractures in this
section, although useful and fascinating, should be
taken within the context that it is dissolution along
bedding planes that is more important. Although
tributary flow must cccur along fractures,
convergent regional flow occurs along conduits or
macrofissures to discharge locations that maybe
springs far downgradient or conduits inadvertently
intercepted by wells (probably domestic or
industrial) at depth.

This is the premise of the site conceptual flow
model. Please also note that bedding planes are
considered to be a type of fracture. The
sentence “It is possible that flow converges in
one or more master fractures, including
bedding planes, which discharge to springs
outside the EMDF area.” has beea added to the
discussion of flow preseated in subsection
3.3.32.1, 3" paragraph. Additional supporting
text has been added to Sections 32.3,3.3.1.2,
and 3.5.

The explanations given in 3.3.1.3 appear to
contradict themselves as far as cavity
occurence in the shaly limestones of EBCV.
This demonstrates the point that modeling of
ground water in this area is extremely
challenging.
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18)

Appendix C,
Page C-26,
Third

Parograph, Last
Sentence

“Further, they corroborate the notion that

the most conductive zone is near the water
table.”

The nature of flow in carbanates and probably in
fractured rocks like shales associated with
carbonates is one of vertical tiers of conduits that

initially form deep below the water table. Tiers are

formed during initial development of a
setting/aquifer (Worthington, 1991). There is
evidence that there is continuous discharge via
conduits from settings/aquifers through many

millions of years (Worthington, 2004) despite base

level lowering. Lower tiers discharge base flow
where higher tiers discharge near the water table.

Geologically recent changes to the landscape would

not affect flow in deeper tiers, when sca level was
130 m lower than at present during the last glacial
maximum this further deepened flow systems.

it is a misconception to view the ground water
flow system on the flank of Pine Ridge in terms
of a classical karst. A review of available
borehole data suggests that few if any conduits
are to be found in Conasauga Group units,
except for the Maynardville Limestone, where
they are relatively abundant. Tiers, in the
classical karst sense, are unlikely to form in the
shaley rocks under the EMDF site, although
there is evidence that there may be a deeper tier
in the Maynardville Limestone. Worthington
(1991) notes that even in classical karst terrains,
many cave/conduit systems do not have tiers.
Where tiers exist, they develop in response to
decreases in water table elevation as a resuit of
lowered base level or uplift. It is unlikely that
Pleistocene glacial sea level change greatly
affected areas as far inland as eastern Tennessee.
Sec added text in Sections 3.3.1.3,3.3.3, and
33321

The comment does not refer to “karst”. The lack
of deep monitoring does not allow for the
conclusion that ground water flow in this area is
shallow and discharges to surface water. In
contrast, there ave numerous wells in the region
that produce high flows at depth.
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19)

Appeadix C,
Section 3.3,
Page C-27,
Sccond

“Groundwater”

The quote and reference that follows summarizes
the use of the term aquitard in Oak Ridge.
“Contaminant migration through aquitards is often
erroneously believed to depend only on bulk
hydraulic properties of aquitards, without regard
to prefereatial flowpaths in the aquitard ar
different contaminant types. Actual rates of
contaminant transport through aquitards can be
very different from those based on estimates of
bulk flow rates. Using a two-dimensional,
discrete-fracture model, Harrison, Sudicky, and
Cherry (1992) showed even though the volumetric
flow rates (i.c., Darcy flux) from an aquitard to an
aquifer can be very low, contaminant transport
through aquitards may be relatively rapid because
of fractures, even very small fractures, if they
fully penctrate the aquitard. Basic hydrogeologic
techniques designed for aquifers, such as pumping
and slug tests, commonly need modification to be
appropriate for assessment of low permeability
geologic media (Novakowski and Bickerton 1997,
Shapire and Greene

1995, van der Kamp 2001)."

No change has been made to the text of Section
3.3. Aquitard is a comparative term used
primarily to convey a difference in relative
permeability, and by extension, transmissivity
and yield, between two or more hydrologic
units. It does not, and is not intended to,
indicate that groundwater does not occur in
rock units identified as aquitards, nor does it
indicate that these units will not also transmit
contaminants, In the Oak Ridge Reservation,
aquifers are those high-flow units, such as the
Maynardville Limestone and Copper Ridge
Dolomite, and aquitard refers to those units that
are less productive, like the Nolichucky Shale.

The USGS defines an aquitard as “A
saturated, but poorly permeable, geologic unit
that impedes ground-water movement and
does not yield water freely to wells, but which
may transmit appreciable water to and from
adjacent aquifers and, where sufficiently
thick, may constitute an important
groundwater storage unit. Aquitards are
characterized by values of leakage that may
range from relatively low to relatively high.
Areally extensive aquitards of relatively low
leakage may function regionally as confining
units within aquifer systems.” (USGS Water
Supply Paper 2025).

Recent papers on units referred to as aquitards
show them not to be related to lithology but
rather to changes in vertical hydraulic
conductivity. Harrison, Sudicky, and Cherry
(1992)

The response to comments further demonstrates
that the term aquitard has numerous
interpretations that can lead to confusion
therefore, use of this term is very misleading and
should be discontinued.

Page 16 of 29




There are also other recent references that show it
is not appropriate to describe settings as aquitards
simply based upon lithology, where rather than
lithological changes, what is observed are sharp
changes in hydraulic head profiles in boreholes, not
related to lithological changes in stratigraphy
(Meyer at al, 2010, 2012).

The use of the term aquitard for lithologies in Oak
Ridge should be abandoned, they are shelf
sequences and in variably contain both shale and
carbonate, by their nature, shales in such sequences
are also most commonly discontinuous laterally. In
one case an Oak Ridge aquitard has a significant
spring that discharges from it, in another an Oak
Ridge aquitard is, in an adjacent state a karst
preserve, and overall, many domestic wells produce
from .what are allegedly the aquitards. Use of this
term is very misleading and should be discontinued.

The term aquitard does not refer to lithology,
but to aquifer properties, particularly the
inability to transmit water at high rates. In
East TN, poorly transmissive water bearing
units are typically shales, clayey limestones,
silts, and tightly cemented sandstones and are
therefore correlated to lithology.

The reviewer is correct that the rock units under
Bear Creek Valley were deposited on continental
shelf environments and that individual layers can
be discontinuous or exhibit lithologic and facies
changes across an area. However, such
discontinuities are not significant at the at the
scale of the EBCV. The Warsaw and Ft. Payne
Limestones of south-central Keatucky
(Mammoth Cave ares) provide an example of a
similar lithologic assemblage that produces
water at low volumes and does not contain
highly evolved conduit systems (Brown, 1966).

No revision has been made.

Recent papers on units referved 1o as aquitards
show them not to be related to lithology but
rather to changes in vertical hydraulic
conductivity. Harrison, Sudicky, and Cherry
(1992)

1t is obvious that the term aquitard is being
used to describe less pure carbonates or shaly
limestones on the ORR.

The response to commeats further
demonstraies that the term aquitard has
numerous interpretations that can lead to
confusion therefore, use of this term is very
misleading and should be discontinued.

20)

Appendix C,
Section33.1,
Page C-27

“Aquifer Characteristics”

The use of the term cavities implies that these
features are closed. This is theoretically almost
impossible to conceive of unless within the
framework of the initial deposition of the
sediments. Cavities as they are often referred to
are simply fragments of sinuous conduits that are
intersected by borings.

1t is known in carbonates in many locations that
most of the flux (> 99%, for Oak Ridge; Davies,
2008,) is in conduits with most of the storage in
the rock matrix. 94% flux is in conduits regardless
of the age of the carbonate rock or the location.

|| cavity is a good general term for use on

A cavity is a void in the rock, and there is no
genetic implication as to its size, shape, or
connectivity with other openings. The word

borehole logs because of the very small arca
accessed by the boring.

It must be recognized that, while the Maryviile
and Rutledge formations are nominally
limestones, in the vicinity of the proposed
EMDF these units are dominated by shales and
siltstones that are far less susceptible to
dissolution than are more purely calcium
carbonate limestones. As a result, conduits are
unlikely to carry as great a proportion of the
ground water flux as purer limestones.
Evidence for the lack of strongly developed
conduit flow is found in the lack of karst
landforms.

Revisions have been made to first and second
paragraphs of Section
33.13.

This response underestimates the significance of
ground water flux in anything other than pure
limestone.
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21)

Appendix C,
Section
3312,
Page C-29

“Fractures”

“Further, they found that fracture aperture is more
important than fracture spacing, and that fractures
will dominate flow if apertures approach 1 cm or
if gradient is very low so that no preferred
pathway develops.”

1t should be noted that low gradients also can
indicate that a preferred pathway has developed.

Comment accepted and text in Section 3.3.1.2
has been revised.

No fusther comment

)

Appendix C,
Section 3.3.2,

Page C-30

“Hydraulic Conductivity and Results of Tracer
Tests®

“Tracer tests offer one means of direct
groundwater flow rate measurement, although
they require either a large number of sampling
points, or knowledge of or good predictions of
flow patterns.® ’
Actually the way tracing is done using injected
tracers, is that a hydrogeological conceptual
medel of flow is made and then tested by using

Agreed. It is anticipated that tracer tests will
be conducted as part of the site
characterization effort to test the conceptual
model. No revision required.

Agree, if actual tracer tests are conducted.

23)

Appendix C,
Page C-32, Last|

1t has been established that in all measured
carbonate aquifers in geological old or relatively
young rocks, > 94% of the discharge is in conduits,
with only a small fraction in the fractures and an
insignificant amount in the rock matrix (Davies,
2008; Warthington et al, 2000a, 2000b). This
paragraph sets the case for an equivalent porous
medium or a continuum approach. However, in the
second to last sentence, beginning "Worthington,
2003, p. 30)......" reference is made to using
MODFLOW to simulate flow in carbonates. This is
not the complete discussion from the reference, and
is misleading. The complete discussion in
(Worthington, 1999, incorrectly cited as 2003} does
not endorse using MODFLOW as is implied.

This statement may be true of more or less
pure carbonate limestones, but is not
applicable to shaley limestones and shales
such as those occurring on the flank of Pine
Ridge. Please see White and White (2001)"
who note that extensive conduit/cave systems
form mainly in relatively pure limestones,
while shaley limestones tend to act as
aquicludes. Changes have been made in
Sections 3.3.1.3 and 3.3.2.1 to clarify this
relationship. A review of available well data
suggests that conduits are rare or non-existent
in the stratigraphic units underlying the
proposed EMDF site (see App. C, Sect.
3.3.13.

The cormrect reference is Worthingion,
S.R.H.,2003%. Worthington notes that three
approaches are commonly used to model
flow in fractured aquifers, and while he does
not make a value judgment, he does favora
more complex, more representative approach
that uses multiple inputs. However, there are,
in this case, insufficient data available to
employ the method Worthington suggests.

‘The original reference is Worthington 1999
page 30.

If insufficient data is available to employ the
method established by Worthington (1999),
then proper data needs to be collected, or an
alternative model needs to be utilized to
simulate ground water fiow.
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24) | AppendixC, | Evans, et al. 1996 applied a particle tracking model | The 10:1 ratio was in fact used in the model No further comment
T G- | and mverse modeling to get an anisotropic ratio of | preseaied in Appendix F. This reference hes
10:1 for BCV. been added to Table C-9. Note that one of the
authors of this article actually performed the
modeling discussed in Appendix F. Text was
also added to Section 3.3.2.1, paragreph 3 to
further discuss anisotropy.
25) | AppcadixC, | “Results of Tracer Tests” No revision is required. Please see answer to Conduits could be upwards of a few
3322, “Tra.:er tests are commonly used in fractured and Specific Comment 24 above. .The‘aqum' at r;nll;x.ne‘ters m:;ydx:‘l:: mdl’l%s,e rt:z:s; :;znm;ogts
karstic aquifers because they are strongly the proposed EMDF site is primarily ¢ eliminated as pathways. T
Page C-33 anisotrapic and flow paths are difficult to fractured, not karstic, and conduits are at these locations that are being fed by
determine.” unlikely to be present under the site. conduits,
Since > 94% of the discharge/flow is in conduits
and conduits are known to connect sinking streams
and springs, with lengths sometimes of several
tens of kilometers, one would know the possible
extent of the flow path if the spring was the base
flow spring,
26) | Appendix C, | “Both of these types of behavior indicate 8 high Apgreed. One purpose of the test was to Investigations in other settings suggest a
Page C-36 degree of longitudinal dispersion, which is typical | determine if gas tracers would be effective in minimal role for the matrix with regards to

of systems in which matrix diffusion is dominant.”
The reasons for a high value for longitudinal
dispersivity in contaminant or tracer transport is
also hydraulic complexity and the nature of the
release of the substance.

hydraulically complex fractured rock, i.c., the
matrix. Text in paragraph 6 of Appendix C
Section 3.3.2.2 has been slightly revised.

ground water velocities in conduits are with
hydraulic redii upwards of a few millimeters.

! White, W.B. and White, E.L., 2001. “Conduit fragmenitstion, cave paiterns, and the localization of karst ground water basin: the Appalachians as a test case”, Theoretical and

?p,plmm vol. 13-14, pp. 9-24.
w

Modeling: Special Publication 5. Charles Town, WV: The Karst Waters Institute, pp- 3037
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Nor| Reference

.gg i o

“Matrix diffusion retarded tracex movement By

uptake in

small blind fractures and pores, and maintained
high tracer concentrations by diffusing back into
the flowing groundwater in fractures over time.”
Velocities in conduits are known to be rapid
{geometric mean = 0.022 m/s, n = 3,077) and
therefore mostly turbulent (Worthington et al,
2000a, 2000b). How would matrix diffusion
work if flow is turbulent?

This questions presupposes the existence of
highly evolved and integrated conduit systems
under the proposed EMDF footprint; there is
little evidence of such conduit systems in
Conasauga units outside of the Maynardville
Limestone. The conceptual maodel for the rock
units underlying the EMDF area is that
groundwater flows in highly and complexly
fractured rock, not conduits, and hence, matrix
diffusion is not only possible, but likely.

The anisotropy value determined in the Bear
Creek Valley system®s tracer tests assumes that
there is more flow along strike (see comment
#24) which assumes no integrated conduit
system. Complex hydraulic interaction in fissures
can cause high longitudinal dispersion values and
is more likely than matrix diffusion. With
velocities higher than 0.001 m/s in fissures with
hydraulic radii greater than a few mm (Quinlan et
al, 1997), turbulent flow is likely and matrix
diffusion less likely. )

“It is not the arrival time, but the peak
concentration, that is of interest, since this
represents the greatest risk.”

The determination of an accurate peak
concentration is dependent upon sampling
frequency to avoid aliasing. Most current
sampling done under State, Federal, or any
other protocols do not sample often enough, so
the values obtained are the minimum that
could be passing a monitoring point. Ifthe
monitoring location is a well there could be
other complications to interpreting the results.

The quoted statement refers to modeling results,
not actual sampling. However, the point is
taken, and will be considered in designing the
site characterization study.

The peak cancentration can only be modeled or
sampled at the Nyquist rate.

27)

Appendix C,
Page C-37

The discussion of the storm-flow zone in the
second paragraph implies that this is how
recharge works in karst terrane in any climate or
landscape. The reference used is for *semi-arid
karst shrublands....” which would not be
automatically appropriate for a temperate region
like Oak Ridge. There are data from the ORR
that refute the general thesis of the storm flow
zone that must be cited.

That is not the intended implication; it is rather
that storm flow occurs in many environments.
Storm-flow is well documented far steep
forested slopes in humid climates, and has been
documented in many other areas as well. The
author of Appendix C is not aware of data that
refute the storm-flow thesis for the Oak Ridge
Reservation. The text of the 2™ paragraph of
Appendix C Section 3.3.3.1.1 has been slightly
revised.

See following references:

Luxmoore, R.J., and Huff, D.D., 1989 Chapter
5: Water (in) Johnson, D.W., Van Hook, R.I.,
and Ragan, A.L., (eds) Analysis of
Biogeochemical Cycling Processess in Walker
Branch Watershed, Springer-Verlag New York,
p 164 -195.

Clapp, R.B., 1988 Water Balance Modeling (in)
Huff, D., Environmental Sciences Division
Groundwater Program Office Report of Fiscal
Years 1995-1997, Environmental Sciences
Division Publication No. 4751, ORNL/GWPO,
p- 13-14.
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28)

Appeadix C,
Page C38,
c13

“Concepiual Model of Groundwater Zones in
BCV*

This figure lists water flux in the storm flow and
vadose zone as 90%, estimates of storm flow
were obtained from very steeply sloping sites. It
is extremely unlikely that 90% of water flux is
retained in storm flow ar vadose on the
moderately sloping portions of the ORR.

Much of the site is steep, and the moderately
sloped areas also appear to be unaffected by
overland flow. Surface flow occurs rapidly in
response to heavy or prolonged precipitation in
zero and first order basins. The clay€y soils
beneath the root zcne are of too low
permeability to absorb more than a smal
fraction of storm precipitation. Water balance
calculations indicate that most precipitation is
lost to stream flow and evapotranspiration. The
portion that rapidly enters streams must be due
to shallow transport. No revisions have been
made.

Soil, root zones, residuun or saprolite contain
macropores which can transmit recharge rapidly
downwards but are of limited volumetric
capacity which when exceeded resuits in surface
flow.

Further this figure shows what is referred to as
an aquiciude at >500 ft. BGS, Based on the
definition of the aquiclude on page C-43.
Contaminants are reported from these depths on
the ORR (OREIS). Domestic wells emplaced
within the Conasanga Group Formations offsite
in the area offsite of Melton Valley were
reported 1o be completed at depths that would be
within the “aquiclude”. The presence of
contaminants and the use of this interval for
domestic water production suggest that the term
aquiclude is inappropriate.

Solomon, et al. (1992) note that the saline
aquiclude in Melton Valley began with brackish
water at about 120 m (~395 ft) and became
saline below 180 m (~590 fi). In Bear Creek
Valley, brackish water is encountered at about
150 m to 300 m (452 ft — 985 ft) range, but
saline water was not encountered, This indicates
that the aquiclude is deeper in Bear Creek
Valley than in Melton Valley. Note that brackish
and saline water is not potable.

1t is problematic to assume saline waters are
immobile, migration of brines formed the deep
flow system deep in the Knox aquifer. Drilling in
the velley and ridge encounters both saline and
fresh waters at great depths.

29)

Appendix C,

33322
PagesC42&

“Intermediate and Deep Aquifer Zones™

This discussion and table C-10 suggests that
elevated pH in the deeper briny groundwaters of
Oak Ridge are narmal. Most deep wells (not
affected by coatamination) encountering brines
in the Valley and Ridge are somewhat acidic not
caustic as presented in ESD publication 2863.
Elevated pH is unlikely to be a normal condition
of groundwater beneath the ORR.

Schreiber (1995)° reported that only two of 55
samples of formation waters from 3 shallow
wells in the Nolichucky Shale of East Bear
Creck Valley exhibited a pH of <6.0 S.U.; the
remaining 53 ranged from a low of 7.8 S.U. to
8.3 S.U. Similarly, Drier, et al. reported a pH
range of 7.0 to 9.6 for samples from multiple
depths in 3 deep wells in the Conasauga Group
near the S-3 Ponds.

lanformation in this response is from the ORR. It
can be assumed that these waters are

contaminated and would therefore bave a higher
pH. This does not address the criginal comment.
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30) | fopendix G, | “Groundwater Contaminants” Site Specific Advisory Board No further comment
PageC44 | According to the Final Report End Use Working | Recommendations are advisory, not
Group requirements. Boron and fluoride limits are
1998, chemicals of concem st the integrator not remedlal acti9n oigjectiyes oF primary
plane are uranium, nitrate, boron and fluoride. contaminants as identified in the ROD, and
Nitrate and gross alpha in groundwater exceed are therefore not monitored at the Integration
legal requirements. Boron and fluoride are not | Point (Bear Creek kilometer 9.2). For
included. comparison only, the Safe Drinking Water Act
maximum contaminant limit (MCL) for
fluoride in drinking water is 4.0 mg/L; the
Bear Creek Valley Remedial Investigation
reported that fluoride did not exceed 2.0 mg/L
in either NT-1 or at the BCK 12.71 sampling
point. There is no MCL for boron.
31)| AppendixC, | “Tributary Contaminants” This does refer to the TDEC ambient water No further comment
Section “Water in NT-3 currently meets ambient quality criteria. However, the statement was
1424, water quality criteria (AWQC).” in error. The NT-3 monitoring station had one
P6sCS0 | ks the referred AWQC, ambient water quality | SXceedan e fora PCB in 2011 Anuatzcd
criteria, the State of Tennessee General Water | Wraum flux continues to ex )
Quality Criteria, listed within the TDEC goal of 4.3 ke/yr. The second paragraph of
Water Pollution Coatrol document, General Section 3.4.2.4 has been revised accordingly.
Water Quality Criteria, chapter 1200-04-03?
39| fors; | “Aquatic Resources” Text in Appendix C, Section 3.6.2, Aquatic No further comment
page C-56 There is considerably more information relating . | Resources has been substantially revised to

to species in Bear Creck than is presented for
NT-2 and NT-3. The ORNL Biological
Monitoring and Abatement Program collect
annual samples of macroinvertebrates in NT-3;
why is this information not presented?

include biologic monitoring date and
interpretations from recent DOE and TDEC
reports. A new Section 3.6.3 has been added 10
discuss recent conditions on NT-3. Additionally,
minor updates were made in Sections 3.3.4
Groundwater Contaminants, 3.4.2.4, Tributary
Contaminants, and 3.4.3.4, Bear Creek
Contaminants to reflect the 2012 Remediation
Effectiveness Report that available after the D1
RUFS was issued.
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33) | AppendixF,
Section 4.11,

Page F-16

“Conceptual Design of Dispasal Facility”

“The waste layer is assumed to consist of
contaminated soil, cement stabilized soil-like
materials, cement-solidified waste, and debris
(rubble).”

Cement rubble and related material has the
potential to induce a hyper-alkaline plume in
groundwater (See http//www.grimsel.com/gts-
phase-v/hpf/hpf-introduction). Hyper-alkaline
conditions in and of themselves may pose a risk
to end receptors, hyper-alkaline conditions may
mobilize inorganics within wastes and country
rock 50 a3 to cause groundwater to exceed
drinking water limits. Hyper- alkaline conditions
may alter the absorptive capacity of matrix
materials 5o as to enhance contaminant
transport. This model does not seem to address
the potential for cement waste material emplaced
in the waste cell to alter .

pH of liquids leaching through the waste cell
and to alter basic groundwater geochemistry.

We agree that geochemical conditions within the
cell and along the

flow/transport pathway have various impacts on
leaching rates and migration of contaminants.
However, the impacts are contaminant- specific
and geochemical conditions within the waste may
either reduce ar enhance contaminant mobility.
Numerous studies have been

conducted to derive the relationship of Kd to
geochemical conditions (EPA, 1999a, 1999b).
Data from EMWMF leachate indicate that its
pH is near neutral, at about 7.3 S.U.

The waste release model used to support WAC
development is based on a partition (Kd) mass
release model and an assumed uniform waste
source. Wastes consist of contaminated soil,
cement stabilized soil-like materials, cement-
solidified waste, and concrete and other debris
{rubble). Void spaces are typically filled with
soils, and the waste mass itself is encased in soils
compacted to the required density. Thus, even
though the leachate solution from the concrete
debris may be alkaline, it will be buifered by the
pH of surrounding soil before it starts its
migration to the undisturbed vadose zone. It is
also expected that the waste zone will not be
fully saturated after final cover is placed. Since
the waste zone is assumed to be a constant
leaching source with fixed leaching
characteristics for each contaminant through the
duration of the madel (>100,000 yr), using a Kd
for a neutral pH condition is the most
representative approach. Experience with
EMWMF operational leachate indicates a
consistently near-neutral pH, which supports the
approach used in the model.

See changes to text on pp. F-11, F-16, and F-
48.

No further conunent

3 " . f s s
Schreiber, M. E, 1995. Spatial Variation in Groundwater Chemistry in Fractured Rock: Nolichucky Shale, Oak Ridge, TN. Master’s Thesis: University. of Wisconsin-Mudison.
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No. | Reference omment a ER A o
he madeling assumptions are not explicidy The model suites used in pWAC Disagree. All assumptions and limitations for the

spelled out, explain what they are.

development are discussed in Section 3 of
Appendix F and a visualization of their
interrelationship is presented in Figure F4.
As discussed in the appendix, the HELP
model provides water mass input into the
waste and out of the cell liner. No revisions
have been made.

referenced models should be listed and discussed.

What assumptions from the various model
types overlap and have compound effects?

MODFLOW/MODPATH models predict the
groundwater flow field, direction, and
velocity. The MT3D model, even though it
is a complete fate-transport model, is only
used to derive the dilution factor between the
well water and leachate into the water table
directly beneath the cell caused by advection
process {water mixing only in the flow field
and applied to all contaminants). All of the
other fate-transport pracesses, such as
contaminant specific dispersion, retardation
due to absorption, and degradation
{radicactive decay), are considered during
PATHRAE model appiication. Therefore,
there are no overlap or compound effects
from any of the fate-transport processes. As
discussed in EMWMF WAC development
(Page E-52 of DOE, 1998) and confirmed by
this analysis, majority of the water travel
time occurs in the vadose zone, and the
travel time to surface water through bedrock
pathways is very fast. Thus the disposal
design cell design is the primary element in
attaining long-term environmental isolation
of the waste. The natural geochemical
properties of the site aquifer play a relatively
minor role in reducing potential impacts
from contaminant release. No revisions
have been made.

Disagree. All assumptions and limitations for the
referenced models should be listed and discussed.
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What are the assumptions about the waste cell
with regards to rapid groundwater flow and
transport that should be expected for the terrane
beneath the site?

All the fate-transport processes downgradient
from the cells in the groundwater zone, such
as advection, contaminant specific dispersion,
retardation due to absorption, and degradation
(radicactive decay), are considered either in
the MT3D medel or PATHRAE model. As
stated in the appendix, different parameters
are used as these of vadose zone that leachate
properties are used. No revisions have been
made.

Disagree. All assumptions and limitations for the
referenced models should be listed and discussed.

What is the assumption for leachate far down
gradient of the cell?

A steady state flow condition in a constant
physiochemical system is assumed for the
duration of the modeling pericd.
Geochemical reaction and transport
parameters remain constant. Thisisa
generally accepted approach because of the
many uncertainties associated with these
processes. In this particular application for
the EMDF, the impact will be likely minimal
as the WAC was developed using the
assumption that the worst case Ieaching
scenario started as soon as disposal cell
closed. In reality, it will take up to thousands
of years before the worst case developed
after the cell closure with system fimction of
the cell design.

Disagree. Worst case scenario would occur while
the cell is still active and receiving inputs from the
environmeat. -
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ppeudix F,
ion2.1,

“Small-scale geologic features, such as

F-3, Fourtt] Jractures and solution features are a major

Jactor in groundwater movement through the
Jormations underlying the BCV."” ’
‘These features rarely have a major role in
groundwater movement because they will only
be tributary pathways to major large-scale
features. Unfortunately these maybe be missed
by drilling, even though the siall-scale
features may be encountered by drilling.

Swudies conducted on Oak Ridge Reservation
weathered bedrock zones suggest that small-
scale geologic features, such as fractures,
joints, bedding planes, and solution features,
are in the primary pathways for groundwater
movement through the in the weathered and
competent bedrock. These features are the
only void spaces available that are widely
distributed, sufficiently open, and
interconnected to accommeodate ground waier
flow. A sentence has been added to Section

2.1, paragraph 4, to make this distinction more]

clearly.

We do agree that Jarge scale features, such
as a major fracture, karst zone, or a fault
zone, will impact or control groundwater
flow if they are present in the area. Karst-
like conditions, while not present under the
proposed EMDF site, do exist in the
Maynardville Limestone on the floor of Bear
Creek Valley and together with Bear Creek,
provide the exit path for waters in the basin.
However fractures, bedding planes, and to a
lesser extent, conduits carry the majority of
ground water flow in and near the proposed
EMDF footprint. No revisions have been
made.

Disagree. Fissures with hydraulic radii of a few
mra can sustain turbulent flow and rapid velocities
(0.001 m/s) (Quinlan et al, 1997). This suggests
that small-scale features could be as influential as
large-scale features.
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Appendix F,
Page F48,
[Table F-5

The table contains values that require some
discussion.

See responses below.

See below.

Groundwater zone: horizontal velocity, the value
of 14 ft/ y (0.012 m/y) is far too slow for the -
terrane underlying the proposed facility. The
geometric mean groundwater velocity in conduits
in carbonates is 1,700 m/day (Worthington et al.,
2000a; 2000b). In gencral between wells, most of
which do not often intersect canduits traced
velocities are in the range of 100 - 500 m/day.
The reviewer understands the modeling
limitations with regards to MODFLOW not being
compatible with settings with high velecities and
aspects of turbulent flow that should be expected
even in small-sized openings. Knowledge of the
limits of such models should eliminate their
choice early on in the design process.

Reasoning from the general to the specific
daes not provide accuracy; at the EMDF site,
the carbonates are shaley and do not contain
extensive conduit systems. . The values
provided in the table are the average flow
velocity for an assumed equifer system in
which all connected void spaces, including
matrix pores, fractures, and conduits,
contribute to steady-state flow. It does not
represent fracture flow only, where high
ground water velocities may exist during a
storm event but which contributes a relatively
small amount of contaminant mass movement
on an annual basis. High velocity flow during
storm event is generally short in duration and
extremely diluted in terms of contaminant
concentration.

To calculate a risk, all pathways and the
total available contaminant mass have to be
considered. The final footprint of &
contaminant plume is determined by
groundwater interacting with all aquifer
rocks and conditions that host ground water
storage and flow. Use of an average flow
velocity for the whole aquifer matrix in the
model actually provides the most
conservative risk estimation in term of peak
contaminant concentrations.

The travel time within the aquifer zone is
much shorter than the travel time in the
unsaturated zone from the bottom of the
waste to the water table. Also, since the risk
is based on peak concentrations, rather than
travel time within the ground water zone,
small changes in travel time will have
minimal impact on overall risk.

A more in-depth discussion for the assumptions
peeds to be included in the text. Based on this
explanation, it appears that actual data would have
provided a more accurate estimate of average flow
velocities. .
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Migration of deep brines and groundwater
related to the formation of MVT (Mississippi
Valley Type) ore deposits in early Paleozoic
sediments (mostly carbonates) over great
distances across the mid continent is a concept
that has been discussed for decades and is well
accepted (Graven et al.,

1993). Modeling and dating show that the deep
flow system was in place before the extensive
folding and faulting in the Valley and Ridge
province. This would mean that any recharge
or water associated with the waste cell that was
lost to the ground could enter this regionally
large flow system.

MVT ore bodies that formed as the result of
large deep regional ground water flows that
accurred after the tectonic deformations that
formed the Appalachian Mountains.
According to Garven (1993), these flow
were driven by gravity from distant
highlands, such that velocities declined to
essentially zero as topographic relief in the
source areas was reduced. These flow
systems were hypothesized as occurring at
depths of several kilometers, well below the
aquifers of the ORR. Further, the structural
faulting and folding of the Valley and Ridge
Province interrupts possible regional flow
paths that might once have been present.
This migration route is not credible. Further,
it is doubtful that sufficient contaminant
mass could reach and be transported by any
very deep regional aquifer without dilution
to undetectable levels. No revisions have
been made.

Disagree. The “distant highlands™ were among
others the Appalachians and folding and faulting,
according 1o Leach et al. (2001), occurred after
pathways were developed. Faulting of carbonates
against carbonates could cause cross-formational
flow. Response on dilution and dispersion is
appropriate. :

37)

Appendix
G, Secticn

4., Page G-

“On-Site Dispesal Alternative Cost-Estimate
Assumptions”

“The long-term monitoring and maintenance for thﬁ

EMDF
would continue after closure of the facility. A

perpetual care fee of $1M per year for each year of

operation of the EMDF would be paid into an
escrow account to be used for long-term
monitoring and maintenance.”

The state has not agreed to the use of a perpetual

care fund for long term maintenance post closure
of the EMDF.

Consistent with the agreement reached with
the State of Tennessee regarding perpetual
care and surveillance and maintenance of the
EMWMEF, DOE anticipates some residual
annual costs associated with long-term
monitoring and maintenance similar to those
agreed upon for EMWMF. A perpetual care
fee of $1M per year of operation is accounted
for in the EMDF cost estimate to cover the
expected costs of long-term monitoring and
maintenance. However, no assumptions have
been made to address the performer of those
actions, since that is beyond the scope of this
document.

No further comment
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